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I. PURPOSE 

The immediate o b j e c t i v e  during t h i s  extended c c n t r a c t  per iod e h a l l  be 
t he  design of a z i n c - s i l v e r  oxide c e l l  capable  of a c t i v a t e d  s t a n d  per iods  and re- 
charge  a b i l i t i e s  as follows: 

A. Stand per iod  (or u s e f u l  l i f e )  - t h i r t y  days 
B. 
C. Cycle c a p a b i l i t y  - s i x  cyc le s  i n  t h i r t y  days 

1. Five cycles removing 25% depth 
2 .  A f i n a l  discharge of 100% capac i ty  

Stand temperature - 90" F 

D. Bat t e ry  v o l t a g e  during d ischarge  - 28 f 2.0 v o l t s  
(1.40 k 0.10 v o l t s  per c e l l )  

Rela ted  s t u d i e s  w i l l  be c a r r i e d  out  as r equ i r ed  t o  achieve  this  goal .  
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11. ABSTRACT 

E f f o r t  i s  being made t o  develop a c e l l  design capable  of l imi t ed  cyc le  
l i f e  while  r e t a i n i n g  the  high rate and high dens i ty  c h a r a c t e r i s t i c s  of t he  p r i -  
mary z i n c - s i l v e r  oxide system. 

A l i t e r a t u r e  search  has been c a r r i e d  out  wi th  emphasis on r e fe rences  
p e r t i n e n t  t o  improved sepa ra to r  systems. 

A prel iminary design study has  been begun t o  determine more s p e c i f i c -  
a l l y  t h e  areas s u b j e c t  t o  design modif icat ion.  

S tud ie s  r e l a t i v e  t o  opt imiza t ion  of t he  z i n c  p l a t e  d e n s i t i e s  Over t h e  

- 68 - 



1. 111. FACTUAL WTA AND DISCUSSION 

A. General 

The z i n c - s i l v e r  oxide system has been inves t iga t ed  ex tens ive ly  as i n d i -  
S p e c i f i c  s t u d i e s  have included ca ted  by t h e  r e fe rences  included i n  t h e  appendix. 

i nd iv idua l  i n v e s t i g a t i o n s  of both e l e c t r o d e s ,  as w e l l  as sepa ra to r  materials. 
Segments of o t h e r  s t u d i e s  have d e a l t  w i t h  e l e c t r o l y t e  concent ra t ion  and a d d i t i v e s .  

It is ind ica t ed  t h a t  i t  is p o s s i b l e  t o  cons t ruc t  h ighly  r e l i a b l e ,  h igh  
energy d e n s i t y ,  primary z inc - s i lve r  oxide batteries, whi le  r e l i a b i l i t y  of t h e  
secondary b a t t e r y  comes a t  the  expense of e i t h e r  b a t t e r y  energy dens i ty  o r  h igh  
rate c a p a b i l i t i e s .  Y e t  it is  poss ib le  t o  c o n s t r u c t  z i n c - s i l v e r  oxide t r ies,  

goa l  of t h i s  program s h a l l  be the design o f  a ce l l  capable  of l imi t ed  cyc le  l i f e  
whi le  r e t a i n i n g  t h e  h igh  energy densi ty  and c l o s e  v o l t a g e  r egu la t ion  f e a t u r e s  
c h a r a c t e r i s t i c  of t h e  primary system. 

e i t h e r  vented or  s ea l ed ,  capable  of a cons iderable  number of cyc le s .  (t 5 me 

It appears  t h a t  u t i l i z a t i o n  of t h e  cathode and anode a c t i v e  materials 
has  e s s e n t i a l l y  reached a p la teau ,  a l though r e fe rences  occas iona l ly  mention t h e  
a p p l i c a t i o n  of chemical a d d i t i v e s  o r  o the r  innovat ions.  
has  d iscussed  t h e  a d d i t i o n  of palladium t o  t h e  p o s i t i v e  e l ec t rode ,  as have Landers 
and Kera l l a .  ( 3 )  It is a n t i c i p a t e d ,  t h e r e f o r e ,  t h a t  t h e  most advantageous ap- 
proach w i l l  involve  t h e  a s s imi l a t ion  and a p p l i c a t i o n  of  technique and knowledge 
revea led  i n  t h e  p e r t i n e n t  references.  This is  perhaps most t r u e  of eva lua t ion  
of separators and methods of t h e i r  improvement, because of programs which have 
d e a l t  l a r g e l y  or e n t i r e l y  wi th  separa tor  s t u d i e s .  

For in s t ance ,  Dirkse (2) 

B. Seuara tor  Materials 

1. Design Fac tors  

As s i l v e r  migra t ion ,  d e n d r i t i c  z i n c  growths, d i s s o l u t i o n  of z i n c ,  and 
s e p a r a t o r  degradat ion remain l imi t ing  f a c t o r s  i n  t h e  opera t ion  of secondary z inc -  
silver oxide cells, a g r e a t  amount of s tudy  has been a c c o q l i s h e d  i n  r e c e n t  y e a r s  
r e l a t i v e  t o  sepa ra to r s .  
cluded phases of s tudy devoted e i t h e r  t o  sc reening  o r  s p e c i a l  t rea tment  of s epa ra -  
t o r  materials and the  s e l e c t i o n  of t h e  optimum combination thereof .  To under- 
s t a n d  t h e  importance of s e l e c t i n g  the optimum sepa ra to r  combination, it is only 
necessary t o  examine t h e  funct ion of t h i s  material and t h e  e f f e c t  o f  m u l t i p l e  
l a y e r s  upon cel l  energy dens i ty  and v o l t a g e  r e g u l a t i o n  c h a r a c t e r i s t i c s .  

Almost a l l  s i l v e r  z i n c  development programs have if- 

As i nd ica t ed  by Figure No. 1, equi l ibr ium ce l l  v o l t a g e  during d ischarge  
can be r ep resen ted  by an e s s e n t i a l l y  l i n e a r  func t ion  of c u r r e n t  dens i ty  based 
upon t h e  total  s u p e r f i c i a l  a r e a  of t h e  p o s i t i v e  group ( i f  a l l  o t h e r  design fac-  
t o r s  are h e l d  cons tan t ) .  Figure No. 2 i n d i c a t e s  poss ib l e  e f f e c t s  of q u a n t i t y  
of s e p a r a t o r  material i n  a c e l l  upon d i scha rge  v o l t a g e  a t  cons tan t  c u r r e n t  den- 
s i t y .  F igu re  No. 3 relates the  e f f e c t s  of vary ing  t h e  number of p l a t e s  and 
q u a n t i t y  of s e p a r a t i o n  i n  a ce l l  upon t h e  p o s s i b l e  capac i ty  i n  t h e  c e l l .  These 
t h r e e  f i g u r e s  i n d i c a t e  t h e  problems of  design involved i n  opt imizing t h e  design 
of a cel l  f o r  a s p e c i f i c  appl ica t ion .  
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Very f requent ly ,  a ba t te ry  a p p l i c a t i o n  demands an average c e l l  v o l t a g e  
wi th in  d e f i n i t e  l i m i t s ,  such as 1.40 f 0.10 v o l t s .  I f  longer  a c t i v a t e d  l i f e  i s  
requi red ,  a common method of achieving t h i s  a i m  is t h e  use  of  a more membranous 
sepa ra to r .  
c r e a s e  i n  number of p l a t e s  to o f f s e t  t h e  adverse e f f e c t  of increased  sepa ra t ion  
upon ce l l  v o l t a g e  and v o l t a g e  regula t ion .  A s  i nd ica t ed  by Figure  No. 3, t h i s  i n  
t u r n  decreases  t h e  p o s s i b l e  cell  capaci ty  and energy dens i ty .  

The g r e a t e r  th ickness  of s epa ra to r  may be s u f f i c i e n t  t o  demand a n  i n -  

These p r a c t i c a l  design c r i t e r i a  r e v e a l  t h e  importance of  s e l e c t i n g  t h e  
optimum sepa ra to r  system and the  use of t h i s  system such t h a t  l imi t ed  cyc le  l i f e  
may be obta ined  without  making the s a c r i f i c e s  o u t l i n e d  above. 

2. Discussion of  Separator  Treatments 

Many s t u d i e s  have included screening  tests which r e f l e c t  t h e  relative 
a b i l i t i e s  of prospec t ive  separator materials t o  meet one or more of t h e  r e q u i r e -  
ments of an accep tab le  product.  The cr i ter ia  used c m o n l y  considered i n  evalu-  
a t i n g  s e p a r a t o r s  i nc lude  t h e  following: 

A. Dimensional changes upon wet t ing  
B. E l e c t r o l y t e  r e t e n t i o n  o r  a b s o r p t i v i t y  
C. 
I). A b i l i t y  to  r e t a r d  s i l v e r  t r a n s p o r t  
E. Res i s t ance  to oxidat ion 
F. E l e c t r i c a l  r e s i s t a n c e  
G. Phys ica l  s t rength  

Degradation o f  t h e  material i n  c a u s t i c  s o l u t i o n  

Some of these p r o p e r t i e s  have been eva lua ted  and r epor t ed  f o r  most of  
t h e  commonly available commercial products. 

The u s e  of glycer ine- f ree  c e l l u l o s i c  membranes has  been widely followed 
by makers of secondary a l k a l i n e  c e l l s  because of t h e  a b i l i t y  t o  r e t a r d  silver 
t r a n s p o r t  and t h e i r  r e l a t i v e l y  low electrical r e s i s t a n c e ,  as w e l l  as t h e i r  low 
c o s t  and ready a v a i l a b i l i t y .  However, because of t h e  degradat ion of t h e s e  materi- 
als i n  c a u s t i c  and ox id iz ing  environments, many a t tempts  to  f i n d  s u b s t i t u t e s  or 
t o  improve t h e  p r o p e r t i e s  of c e l l u l o s i c s  have been made. 

One t reatment  of c e l l u l o s i c  materials which has  been widely repor ted  i s  
the  depos i t i on  of s i l v e r  wi th in  the material by use of formaldehyde or  o the r  re- 
ducing agent .  (4) 
but  has l i t t l e  or no e f f e c t  upon oxida t ion  r e s i s t a n c e  as determined by a t t a c k  of 
a l k a l i n e  permanganate so lu t ion .  ( 5 )  

It has  been repor ted  t h a t  such t reatment  may reduce swe l l ing  

S tud ie s  have r e s u l t e d  i n  d a t a  r e l a t i n g  t h e  progress ive  d e t e r i o r a t i o n  
o f  cel lophane i n  KOH/ZnO systems under oxygen, inc luding  the depolymerization of 
t h e  material as a func t ion  of time and temperature.  It w a s  found t h a t  t h e  maxi- 
mum degree of swel l ing  of cellophane and, hence,  t h e  g r e a t e s t  degree of a t t a c k  
upon cel lophane,  occurs i n  KOH concentrat ions ranging from 26-33 percent  by 
weight.  ( 5 )  
s t r e n g t h  of  cel lophane i n  c a u s t i c  so lu t ions  a t  temperatures down t o  -35" C. (6) 

Another manufacturer has repor ted  data descr ib ing  t h e  l o s s  of  
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Among t h e  t rea tments  of cellophane have been a d d i t i o n  of g r a f t s  of 
s t y r e n e  and isopropylacrylamide monomers as w e l l  as methacryl ic  a c i d .  (5, 7? 
I n d i c a t i o n s  are t h a t  t h e s e  treatments may no t  g r e a t l y  inc rease  t h e  r e s i s t a n c e  
t o  KOH a t t a c k  without  undue increase  i n  the  e l e c t r i c a l  r e s i s t a n c e  of t h e  mem- 
brane. One of t h e  more r e c e n t  t reatments  has  been t h a t  of cel lophane by a n t i -  
oxidants  such as m- and p-phenylenediamine. It has  been ind ica t ed  t h a t  such 
t rea tments  may r e s u l t  i n  remarkably improved oxida t ion  r e s i s t a n c e  whi e e l e c -  
t r i c a l  r e s i s t a n c e  remains e s s e n t i a l l y  unchanged (about 0.010 ohm-inch' fo r  t he  
membrane t e s t e d ) .  However, t h i s  decreased r e a c t i v i t y  of t h e  membrane caused 
i n a b i l i t y  t o  r e t a r d  s i l v e r  t ranspor t .  
should be a b l e  t o  react with dissolved and c o l l o i d a l  silver i n  order  t o  pre- 
v e n t  i t s  migrat ion.  (23 s s  6, Later r e p o r t s  from Electric Storage  Ba t t e ry  
Company i n d i c a t e  t h a t  an isocyanate  t rea tment  of c e l l u l o s i c s  may hold  some 
promise. Prel iminary i n d i c a t i o n s  were that r e s u l t s  might inc lude  improved 
s t r e n g t h  r e t e n t i o n  and g r e a t e r  oxidat ion r e s i s t a n c e  a t  t h e  expense of s l i g h t l y  
increased  electrical r e s i s t a n c e .  

It is now concluded t h a t  a sepa ra to r  

Recent ly ,  a t tempts  have been made t o  eva lua te  or s tudy sepa ra to r  sys-  
tems by means of r a d i o a c t i v e  tracer techniques.  (2) 
t he  rate of t r a n s p o r t  of an i so tope  of s i l v e r  through the  system under s tudy.  
However, Dirkse v e r i f i e d  t h a t  this means of eva lua t ion  is confused by t h e  f a c t  
t h a t  c e l l u l o s i c  materials e f  fec t ive l j j  remove disso lved  and c o l l o i d a l  s i l v e r  
from t h e  e l e c t r o l y t e .  
c e l l u l o s i c  membrane (assuming no g r a f t i n g  o r  s p e c i a l  t rea tment  of the  membrane). 
Again, i t  is implied t h a t  only r e a c t i v e  membranes are capable  of prevent ing s i l -  
ver t r a n s p o r t .  

This  involves  measuring 

Therefore ,  very l i t t l e  s i l v e r  passes through a "fresh" 

3. Conclusions 

In view of the d i f f i c u l t y  observed i n  obta in ing  reproducib le  r e s u l t s  
r e l a t i v e  t o  s i l v e r  loading of  membranes and t r anspor t  through membranes, i t  is 
doub t fu l  that any mathematical desc r ip t ion  or p red ic t ion  can be formulated t o  
estimate a c c u r a t e l y  t h e  processes  which occur i n  a c e l l .  
s e v e r a l  reasons : 

This is  t r u e  fo r  

1. Only under t h e  most exact ing cond i t ions  can compression of 
expanding or "swelling" ma te r i a l s  be he ld  a t  a cons tan t  l e v e l .  
impl ies  v a r i a t i o n  i n  t h e  mean pore s ize ,  microscopic s u r f a c e  area, 
and rate of chemical a t t a c k ,  as w e l l  as e l e c t r i c a l  r e s i s t a n c e .  

This 

2. S i l v e r  t r a n s p o r t  undoubtedly varies wi th  t h e  "age" of a reac-  
t i v e  membrane. 
t i o n  and q u a n t i t y  of s i l v e r  a l ready he ld  by the  membrane. 

This age  would be r e f l e c t e d  by the  s ta te  of degrada- 

3. Zinca te  concentrat ion i n  the  e l e c t r o l y t e  probably a l s o  a f f e c t s  
silver t r a n s p o r t .  

4. Cer ta in  membranes, notably i r r a d i a t e d  i n e r t s ,  appear s u s c e p t i b l e  
t o  wrinkl ing ,  o r  local overlap. 

5. I f  cons iderable  q u a n t i t i e s  of "open" s e p a r a t o r s  are employed 
i n  a cel l ,  bulk movement of t h e  e l e c t r o l y t e ,  as w e l l  as i o n i c  t r a n s p o r t ,  
may be a cons iderable  f a c t o r  i n  t h e  movement of s i l v e r  and z i n c  through- 
out t h e  cell.  
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The apparent  conclusion i s  t h a t  a t  t he  present  s t a t e - o f - t h e - a r t ,  
sc reening  tests only a l low t h e  r e j e c t i o n  of poor materials on t h e  basis of com- 
par i son  t o  accep tab le  products.  For example, it may be decided t h a t  a product 
having an electrical r e s i s t a n c e  three  t i m e s  t h a t  of cel lophane does not  j u s t i f y  
f u r t h e r  eva lua t ion .  However, it may not  be p o s s i b l e  t o  assert t h a t  a m a t e r i a l  
which passes a s i n g l e  screening  test w i l l  perform des i r ab ly  i n  a c e l l .  
l i k e l y  t h a t  f a c t o r s  such as pore size and d i s t r i b u t i o n  or o the r  c h a r a c t e r i s t i c s  
no t  e a s i l y  measured are important.  
f ined ,  t h e  f i n a l  s t e p  i n  t e s t i n g  a separa tor  system w i l l  involve employing i t  
i n  a c e l l .  

It i s  

U n t i l  t e s t i n g  procedures are f u r t h e r  re- 

PTATE 
THICKNESS 

( inches)  

0.030 
0.028 
0.024 
0.022 
0.020 

C. U t i l i z a t i o n  of t he  Zinc P la t e  

S tud ie s  repor ted  earlier indica ted  the  b e n e f i c i a l  e f f e c t  of lower 
apparent  d e n s i t i e s  upon d ischarge  e f f i c i e n c i e s  of t he  z inc  p l a t e .  
dens i ty  of 40 grams per cubic  inch ,  t h e  lowest i n v e s t i g a t e d ,  proved t o  g ive  
t h e  g r e a t e s t  e f f i c i e n c y ,  d a t a  have been extended Over a range of 36-58 grams 
per cubic  inch. A s  t he  less dense material r e q u i r e s  g r e a t e r  volume, it is 
apparent  t h a t  f o r  op t imiza t ion  i t  is a l s o  necessary to  examine t h e  volume fac-  
tor. Table  No. I conta ins  da t a  re levant  t o  t h i s  s tudy.  

S ince  a 

APPARENT PERCENT 

(nm/ in3 ) 
DENSITY EFFICIENCY 

36 52.1 
40 48.4 
46 42.4 
51 33.9 
58 28.8 

TABLE NO. I 

0.00796 
0.0079 
0.00796 
0.0069 

I 0.0065 

AMPERE -HOURS 
PER M I U I - I N C H  

These da t a  were obtained s p e c i f i c a l l y  f o r  a z inc  p l a t e  weight of 1.01 grams per 
square  inch,  and for  a cu r ren t  dens i ty  of  0.27 ampere per square inch of s u r f a c e  
area. P l a t e s  were discharged aga ins t  a cons iderable  excess  of p o s i t i v e  material 
and t h e s e  data rep resen t  t h e  average of f i v e  "runs". It is apparent  that a t  
t h e  lower d e n s i t i e s ,  t h e  i n c r e a s e  i n  p l a t e  e f f i c i e n c y  is o f f s e t  by the  p l a t e  
thickness, so t h a t  no advantage i s  gained on a volume bas i s .  As such data are 
dependent upon c u r r e n t  d e n s i t i e s ,  it is planned t o  a t t a i n  s u f f i c i e n t  data t o  
allow opt imiza t ion  over t h e  p r a c t i c a l  range of d i scharge  rates. 

D. F a i l u r e  Modes of t h e  Zinc-Si lver  Oxide System 

There are s e v e r a l  modes of f a i l u r e  or l o s s  of capacity assoc fa t ed  w i t h  
t he  z i n c - s i l v e r  oxide system. These inc lude  t h e  following: 
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1. Loss of oxvgen from the p o s i t i v e  D l a t e :  Divalent  s i l v e r  oxide is 
thermodyracical ly  uns t ab le  i n  c a u s t i c  so lu t ions .  Aside from o t h e r  r e a c t i o n s  
t h e  even tua l  decomposition of the  higher  oxide of s i l v e r  w i l l  cause consid-  
e r a b l e  l o s s  of capac i ty  from a p o s i t i v e  p l a t e  which con ta ins  l i t t l e  or  no 
metallic s i l v e r .  

2. Loss of  s i l v e r  t o  t h e  e l e c t r o l y t e  and separator material: Cel lu-  
l o s i c  membranes e f f e c t i v e l y  remove i o n i c  and colloidal s i l v e r  from t h e  e l e c -  
t r o l y t e .  Less r e a c t i v e  materials a l s o  impede t h e  t r a n s p o r t  of s i l v e r  t o  
some e x t e n t  and accumulate s i l v e r  in t h e  process.  
also remains i n  s o l u t i o n  as governed by t h e  s o l u b i l i t y  product of t he  species. 
S i l v e r  may be removed from t h e  so lu t ion  by t h e  s e p a r a t o r  o r  z inc  p l a t e  de- 
pending upon t h e  e f f i c i e n c y  of the  sepa ra to r  system i n  use. As t h e  s i l v e r  
conten t  of t h e  e l e c t r o l y t e  tends t o  be renewed so long as the  oxidized form 
lasts, it i s  obvious t h a t  a separa tor  system must r ep resen t  optimum condi-  
t i o n s  of electrical and physical  performance. 

A small amount of s i l v e r  

3. Contamination of t h e  e l e c t r o l y t e  by z i n c a t e  and carbonate:  The 
e f f e c t s  of such contaminations apparent ly  have not  been f u l l y  evaluated.  
It would seem, however, t h a t  such a d d i t i o n s  would a f f e c t  t h e  impedance of 
t h e  cel l ,  r e s u l t i n g  i n  the  reduced a v a i l a b i l i t y  of e lec t rochemica l  energy 
a t  the h igher  v o l t a g e  levels. This would cause imparied v o l t a g e  c o n t r o l  
and reduced accep tab le  capaci ty .  F igure  No. 4 i n d i c a t e s  t h e  e f f e c t  of 
s t a n d  upon v o l t a g e  c o n t r o l  and capac i ty .  While t h e  capac i ty  fo r  t h e  sub- 
j e c t  ce l l  t o  a n  end v o l t a g e  of 1.30 v o l t s  decreased by nea r ly  20%, t he  
capac i ty  t o  a 1.10 v o l t  cu to f f  decreased by less than 13%. 
s tudy  w i l l  involve  t h e  determinat ion of ce l l  impedance as a func t ion  of 
a c t i v a t e d  l i f e ,  as w e l l  as the  r e s i s t a n c e  of s epa ra to r  materials having 
undergone silver accumulation and phys ica l  degradat ion.  

One phase of 

4. I n t e r n a l  shor t inq :  Penet ra t ion  of t h e  sepa ra to r  system by e i t h e r  
metallic s i l v e r  or d e n d r i t i c  growths may provide conduct ive pa ths  and the re -  
f o r e ,  s e l f  -discharge of t he  cell.  

E. Prel iminary Design Study 

A set of cells has been constructed fo r  t h e  purpose of  e s t ima t ing  t h e  
c a p a b i l i t i e s  of a design similar to  the  pro to type  c e l l  design presented a t  t h e  
conclus ion  of t h e  o r i g i n a l  c o n t r a c t  period. 
s i l v e r  g r i d  i n  both the p o s i t i v e  and negat ive  p l a t e s .  

The only major change w a s  t h e  use  of 

Data are no t  y e t  s u f f i c i e n t l y  complete t o  compare t o  t h e  design objec-  
t i v e  as s t a t e d .  
cell capac i ty ,  followed by discharges of 25% of t h i s  capac i ty  a f t e r  i n t e r v a l s  of 
one and s ix  days. The remaining d ischarges  w i l l  be 
conducted and t h e  d a t a  presented i n  the  next  progress  r e p o r t .  

Cells have been discharged t o  1.30 v o l t s  to determine average 

Stand temperature is 90" F. 
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1. IV. SUMMARY AND CONCLUSIONS 

A number of r e fe rences  have been compiled and most examined f o r  rele- 
vance t o  t h i s  con t r ac t .  
o f  numerous cyc le s ,  a t  t he  expense of t h e  high energy dens i ty  c h a r a c t e r i s t i c s  
of t h e  primary z i n c - s i l v e r  oxide system. 
w i l l  allow l imi t ed  cyc le  l i f e  a t  +90° F without  compromising t h e  high rate capa- 
b i l i t i e s  and energy dens i ty  of the primary system. 

It i s  apparent t h a t  a p p r o p r i a t e  ce l l  des igns  are capable  

It i s  hoped t o  a r r i v e  a t  a design which 

Tests have been begun to es t imate  t h e  c y c l e  a b i l i t y  of cells  similar 
A t  i n  des ign  t o  those  cons t ruc ted  a t  the end of t h e  o r i g i n a l  c o n t r a c t  per iod.  

t h i s  t i m e  t h r e e  cyc les  have been conducted over a per iod  of  twelve days. 

U t i l i z a t i o n  of t h e  a c t i v e  materials i s  not  c u r r e n t l y  being improved 
apprec iab ly .  It is  i n d i c a t e d ,  however, t h a t  z i n c  material dens i ty  may be regu- 
l a t e d  t o  allow t h e  determinat ion of t h e  optimum q u a n t i t y  of z i n c  f o r  a s p e c i f i c  
condi t ion  of s e rv i ce .  
dens i ty  of t h e  nega t ive  material i s  a s i g n i f i c a n t  design f a c t o r  wi th  r e spec t  t o  
charge  r e t e n t i o n  on a c t i v a t e d  s tand.  Data presented i n  t h i s  r e p o r t  r e v e a l  t h a t  
on i n i t i a l  d i scharges ,  a t  least, the b e n e f i t s  of z i n c  d e n s i t i e s  lower than 45 
grams/inch3 may be o f f s e t  by the  g rea t e r  vohme requ i r ed  by t h e  anode a c t i v e  
materials. These d a t a  were obtained a t  a s p e c i f i c  c u r r e n t  dens i ty  and tests 
are being i n i t i a t e d  to  extend these  da t a  t o  cover the  range of u s e f u l  c u r r e n t  
d e n s i t i e s .  

A s  confirmed e a r l i e r  (see F i n a l  Report ,  t h i s  c o n t r a c t ) ,  

The s e l e c t i o n  of t he  optimum combination of s epa ra to r  materials f o r  a 

Seve ra l  r e sea rche r s  
s p e c i f i c  a p p l i c a t i o n  i s  important  i n  view of the e f f e c t s  of  mu l t ip l e  l a y e r s  upon 
v o l t a g e  magnitude and r e g u l a t i o n  as w e l l  as c e l l  capac i ty .  
have concluded t h a t  a reactive membrane, such as cel lophane,  is necessary t o  pre- 
ven t  silver t r anspor t .  The literature inc ludes  prepara t ion  of membranes and 
t rea tments  of membranes tco numerous t o  i temize.  

Cer ta in  t rea tments  which a r e  ind ica t ed  t o  be b e n e f i c i a l ,  such as t h e  
i socyanate  t reatment  of cel lophane,  w i l l  be eva lua ted  wi th  r e s p e c t  t o  a t t a i n i n g  
t h e  des ign  goal. 

V. PROGRAM FOR TH7 NEXT IN'lXRVAL 

E f f o r t  w i l l  be made t o  regain some of t h e  s l i ppage  ind ica t ed  i n  t h e  
Master Schedule included i n  t h e  Appendix. 
lowing s p e c i f i c  areas : 

This  w i l l  i nc lude  e f f o r t  i n  t he  f o l -  

1. Survey of  t he  cur ren t  l i t e r a t u r e  w i l l  be continued. 

2.  Attempts w i l l  be made t o  l o c a t e  th inne r  s u i t a b l e  sepa ra to r  materi- 
a l s ,  both membranous and "open" types.  

3 .  Optimization s t u d i e s  r e l a t i n g  t o  z i n c  e f f i c i e n c y  as a f f e c t e d  by 
apparent  dens i ty  of t h e  mater ia l  and d ischarge  cu r ren t  dens i ty  w i l l  cont inue.  



4. A program vi11 be outl ined which w i l l  allow es t imat ion  of t h e  oper- 
t i n g  and r e l i a b i l i t y  characteristics of the  f i n a l  cell  design. 

5 ,  Studies  r e l a t i n g  t o  the  e f f e c t s  of  var ious  e l e c t r o l y t e  add i t ives  
w i l l  be i n i t i a t e d .  

6,  The preliminary design study w i l l  be completed. 

V I .  PERSONNEL 

The following t o t a l s  of man-hours have been expended during the  con t r ac t  
period: 

Engineering - - -- - - -0 -0 - 2381 hours 
Technical ----_-------- 2894 hours 

TOTAL 5275 hours  
- 
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